The preferences of 2-and 4-month-old infants for consonant versus dissonant two-tone intervals was tested by using a looking-time preference procedure. Infants of both ages preferred to listen to consonant over dissonant intervals and found it difficult to recover interest after a sequence of dissonant trials. Thus, sensitivity to consonance and dissonance is found before knowledge of scale structure and may be based on the innate structure of the inner ear and the firing characteristics of the auditory nerve. It is likely that consonance perception provides a bootstrap into the task of learning the pitch structure of the musical system to which the infant is exposed.
I
NFANTS have preferences for certain musical performance characteristics. They prefer to listen to infant-directed over regular singing (Masataka, 1999; Trainor, 1996) , higher-pitched over lower-pitched singing (Trainor & Heinmiller, 1998) , and singing rendered in a more loving tone of voice (Trehub & Trainor, 1998) . At the same time, young infants do not appear to understand the pitch structure of the musical system of their culture (Lynch et al. 1991; Trainor & Trehub, 1992) . Adults, even those with no formal musical training, do acquire at least an intuitive understanding, indicating that perceiving through the filter of the pitch structure of a musical system must be learned. It is interesting to ask, then, whether there are precursor abilities that might facilitate or bootstrap the learning of the pitch structure of the music of one's culture. In the study described in this article, we investigated whether infants as young as 2 months old are sensitive to consonance and dissonance.
Although different musical systems divide the octave into different intervals, and therefore use different sets of notes or scales, the principle of sensory consonance appears to be common across this diversity (Schellenberg & Trehub, 1994) . In its simplest definition, two or more tones sounding pleasant together are said to be consonant, whereas two or more tones sounding unpleasant or rough together are said to be dissonant. Consonance and dissonance play a vital role in music in that the ebb and flow of musical tension, which gives rise to emotion and meaning in music, stems in part from the resolution offered by consonance (Meyer, 1956) . Of course, in music, context and cultural practice also play a role in the perception of consonance (Cazden, 1980) . However, for chords in isolation, the perception of consonance and dissonance appears to arise at relatively peripheral levels of the auditory system (Tramo, Cariani, Delgutte, & Braida, 2001) , giving rise to the possibility that sensitivity to sensory consonance and dissonance could develop very early in life.
Plomp proposed that the critical band structure of the basilar membrane in the inner ear can explain the perception of sensory consonance (Plomp & Levelt, 1965) . Only simultaneous frequencies within a critical band (about 1/4 of an octave for much of the frequency range) interact in their representation in the ear. Intervals whose tones stand in small-integer frequency ratios (e.g., octaves, 1:2 and perfect fifths, 2:3) sound consonant, whereas more complex frequency ratios (e.g., tritones, 32:45 and minor ninths, 15:32) sound dissonant because in the former cases no or few harmonics or overtones fall within critical bands, whereas in the latter cases, many harmonics or overtones between the two tones fall within critical bands. Tramo et al. (2001) have shown that the consonance/dissonance distinction is also represented in the fine temporal structure of the firing patterns of neurons in the auditory nerve.
Thus evidence suggests that in both the place mechanism (Plomp & Levelt, 1965) and the temporal mechanism (Tramo et al., 2001) consonance and dissonance are encoded in the peripheral auditory system. Given that the peripheral auditory system is relatively mature early in life, one could predict that young infants should be sensitive to this dimension. Indeed this appears to be the case. Infants between 4 and 6 months of age prefer to listen to consonant over dissonant intervals (Trainor & Heinmiller, 1998; Zentner & Kagan, 1998) , and infants of 6 months also find two consonant intervals to sound more similar than a consonant and a dissonant interval, even when the latter intervals are more similar in term of size (Schellenberg & Trainor, 1996) .
The following experiment investigated whether 2-and 4-month-old infants also have preferences for consonant over dissonant intervals.
Method

PARTICIPANTS
Twenty infants between 8 and 10 weeks old (M = 8 weeks, 6 days; 9 male and 11 female) and 20 infants between 15 and 17 weeks old (M = 16 weeks, 2 days; 9 male and 11 female) were included in the study. All were born within 2 weeks of term, weighted at least 2500 g at birth, and were healthy at the time of testing. An additional 12 infants were excluded for not completing the study because of fussing and/or crying (eleven 8-week-olds and one 16-week-old), and a further 20 (seven 8-week-olds and thirteen 16-week-olds) for yielding low correlations between observers (see below). In the final sample of 40 infants, performance did not differ significantly between males and females.
APPARATUS
The digital sound files were played by a Macintosh IIci computer with an Audiomedia II sound card, through a Denon amplifier (PMA-480R) to a single audiological loudspeaker (GSI). The loudspeaker was located inside a sound-attenuating booth (Industrial Acoustics Co.) on top of a box with a smoked Plexiglas front. Inside the box were lights that, when turned on, illuminated a bull's-eye pattern of alternating black and white concentric circles. The infant sat in a car seat 45 cm from the bull's-eye pattern whose stripes of the pattern were 1.1 cm apart. A video camera (Sony Hi8 Handycam) was located above the box and delivered an image of the infant's face to a monitor (Panasonic CT-1331) located outside the sound-attenuating booth. Two observers watched the monitor and independently recorded their judgments as to when the infant was looking at the bull's-eye pattern by pressing buttons on custom-built button boxes. The lights and the button boxes were connected to the computer via a custom-built interface box to a Strawberry Tree I/O card in the computer.
STIMULI
The stimuli consisted of the same two sets of four simultaneous two-tone intervals used in Trainor and Heinmiller (1998 ). The consonant and dissonant sets were closely matched in interval size: the tritone is 1 semitone smaller than the perfect fifth and the minor ninth is 1 semitone larger than the octave. Furthermore, with octave equivalence, both the consonant and dissonant sets contain 4 different notes, A C E G and B B E F, respectively, and the range of the two sets is identical (19 semitones). In terms of pitch height, infants would be expected to prefer the dissonant set, if anything, as it is has a slightly higher average pitch, and previous research has established that infants prefer higher to lower pitched music (Trainor & Zacharias, 1998) . The two sets differ in that the notes of the consonant set are all members of one key, that of C major, whereas two keys are needed to encompass the four notes of the dissonant set. However, adults tend to hear the consonant set as going between two keys, C major and A minor. In any case, infants of this age do not appear to have knowledge of key structure (Trainor & Trehub, 1992) , so it is unlikely that this difference could influence their preferences.
Each consonant and each dissonant interval was presented in a rhythmic pattern (onset-to-onsets of 600, 300, 300, 600 ms; see Figure 1 ) in order to maintain the infants' interest.
PROCEDURE
Because infants less than 5 months old do not have good control of head movement, and go through a period of not responding to sound location, the head-turn preference procedure used previously with infants older than 5 months (Fernald, 1993; Werker & McLeod, 1989 ) was modified to a single-speaker setup. In this procedure, infants control how long they listen to the consonant intervals and how long they listen to the dissonant intervals by their looking behavior. Specifically, the infant was seated in the car seat in front of the Plexiglas-fronted box in the sound-attenuating chamber, and presented with eight trials. The two observers watched the infant's face on the monitor outside the sound booth (with no sounds so that they were unaware of what the infant was hearing) and judged by looking at the infant's eyes when the infant was looking at the bull's-eye. Each observer pressed a button when they judged that the infant was ready for a trial. Once both observers had pressed their button (i.e., both buttons were down at the same time), the lights inside the Plexiglas-fronted box began to flash (controlled by the computer), illuminating the bull's-eye and attracting the infant's attention. When the observers judged that the infant was looking at the bull's-eye, they each pressed a second button on their button box to indicate that the infant was ready for the sound. Once both second buttons were depressed, the computer left the lights on, fully illuminating the bull's eye, and the sound for that trial began to play. When the infant was judged to stop looking at the bull's eye, each observer removed their finger from their button. When both observers had removed their fingers for at least 500 ms, the sound and lights were extinguished and the trial ended. The computer kept track of the button-press times of each observer so that interrater reliabilities could be examined. Thus, the looking times on each trial used for data analysis were the longest of the two observers; however, infants were not included in the analyses when there was substantial disagreement between the observers (see Results section for details).
The first and last trials were probe trials in which the vowel /i/, spoken with falling intonation, was repeated every 2400 ms. The purpose of the first trial was to introduce infants to the procedure, and the purpose of the last trial was to examine whether infants were still under procedural control, even if they were bored with the repetition of the stimuli on the preceding trials.
For half of the infants, Trials 2, 3, and 4 were consonant trials, and Trials 5, 6, and 7 were dissonant trials. For the other half of the infants, this was reversed, such that they heard the dissonant trials first and the consonant trials second. Consonant trials consisted of a sequence of the consonant intervals (in the rhythmic pattern described in the Stimulus section; Figure 1 ) in random order, with each rhythmic pattern separated by 600 ms. Dissonant trials consisted of a similar random order of the dissonant intervals ( Figure 1) . The computer kept track of looking times across trials for further analysis. 
Results
In order for an infant to be included in the final sample, it was required that the correlation between the judged looking times of the two observers across the six consonant and dissonant trials of that infant be greater than .80. In practice, the distribution of correlations tended to be bimodal; the looking behavior of two thirds of the infants (n = 40) was easy to observe and yielded high correlations, but one third of the infants (n = 20) showed erratic looking behavior and yielded low correlations. The correlations for 2-month-old infants included in the final sample averaged .95 (SD = .068, n = 20); the 4-month-olds averaged .95 (SD = .055, n = 20). On the other hand, the correlations for the discarded infants averaged .42 (SD = .033; n = 20).
For each infant, the three consonant trials were averaged and the three dissonant trials were averaged. These looking times were subjected to an analysis of variance with age (2, 4 months) and condition (consonant trials first, dissonant trials first) as between-subject factors and trial type (consonant trials, dissonant trials) as a repeated measure. There was a main effect of age, F(1, 36) = 17.97, p < .0001, with the younger infants (M = 23.1 s, SD = 12.3) looking overall much longer than the older infants (M = 9.0, SD = 8.1; Figure 2 ). This result was expected and is consistent with other published reports showing decreasing looking times with increasing age (e.g., Ames, 1988) . Looking time reflects an infants' interest in the stimulus. Be- Fig. 2 . Mean looking times in seconds to consonant and dissonant trials in 2-and 4-monthold infants. Infants heard either three consonant trials followed by three dissonant trials (left panel) or three dissonant trials followed by three consonant trials (right panel). Note that error bars represent 95% confidence intervals based on the within-subject variability and are calculated according to the formula derived by Loftus and Masson (1994). cause older infants are more efficient and experienced perceivers, they will process a stimulus of the same complexity more quickly, and thus will become bored with it more quickly, than will 2-month-olds. The important age result from the perspective of the present study is that there were no significant interactions involving age.
Although the effects of trial type and condition were not significant [F(1, 36) = 1.30, p = .26; F(1, 36) = .94, p = .34, respectively], there was a significant interaction between condition and trial type, F(1, 36) = 4.51, p < .04. When infants heard the consonant trials first, they showed increased looking to the consonant trials than to the dissonant trials. However, if they heard the dissonant trials first, they showed low looking times to the dissonant trials and did not recover when presented with the consonant trials. This interpretation was confirmed with two separate analyses of variance, one for each condition. For infants hearing the three consonant trials followed by the three dissonant trials, the effect of trial type was marginally significant, F(1, 18) = 3.68, p = .07, with infants looking longer to consonant over dissonant trials. However, for infants hearing the three dissonant trials followed by the three consonant trials, the effect of trial type was not significant, p = .36.
Habituation effects (decreasing looking times with successive trials as infants become bored) cannot fully explain these results because habituation is not seen when the dissonant trials are presented first. Rather, infants appear to not like the dissonant trials (they show low looking times to dissonant trials whether or not the dissonant trials were heard before or after the consonant trials). They appear to like the consonant trials when they are presented first, but not when they are presented after the dissonant trials. One explanation for this finding is that the dissonant trials "turn the infants off" sufficiently that they do not recover interest during the following consonant trials. Similar asymmetries have been seen in discrimination data. For example, it is much easier for both infants and adults to detect when a dissonant interval is placed in a sequence of consonant intervals than to detect when a consonant interval is placed in a sequence of dissonant intervals (Trainor, 1997 ). It appears that the dissonant context is difficult to encode and disrupts the encoding of consonant intervals as well.
In sum, the results indicate that infants as young as 2 months of age prefer to listen to consonant over dissonant intervals and that they find it difficult to recover interest after a sequence of dissonant trials.
Discussion
This study establishes that infants as young as 2 months old are sensitive to the dimension of consonance and dissonance, and they prefer to listen to intervals that are consonant. But is early sensitivity to consonance and dissonance specified in the genetic code that informs the development of the peripheral auditory system, or does sensitivity arise through very early experience with real-world sounds, or does sensitivity arise through an interaction between these two processes? The auditory system is functioning by the sixth prenatal month (see Werner & Marean, 1996) , and although filtered substantially at the high-frequency end, environmental sounds do reach the fetus. Sounds with pitch, such as music and speech, are prominent in the human environment and have energy mainly at integer multiples of the fundamental. In this overtone structure, the lowest, most prominent and resolvable intervals are also the most consonant, so it is very possible that infants learn about consonance through exposure to such sounds (Terhardt, 1984) . Such exposure may, in fact, tune the connections between neurons in the auditory system such that neurons that encode frequencies that are consonantly related become more highly interconnected. On the other hand, the structure of the basilar membrane likely has a strong genetic component, so the role of critical band structure in consonance and dissonance perception may largely arise from a genetic origin. More research will be needed in order to clarify the relative roles of genetic and experiential factors in the perception of consonance and dissonance.
What is clear is that very early in life the auditory system is set up to process an aspect of pitch structure that is critical to the development of musical perception across musical systems. In the majority of musical pitch systems, consonant intervals play an important role; indeed, in most systems, tones an octave apart are functionally similar. Thus, early sensitivity to consonance and dissonance likely sets the stage for learning musicalsystem-specific pitch structure by providing a bootstrap into important aspects of that structure. 
